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1. An apparatus for interfacing the motion of an object witn an electrical system 
comprising: 

a gimbal mechanism including a plurality of members and pcoylding two revolute degrees 
of freedom to an object about two axes of rotation, said object/baang coupled to said gimbal 
mechanism at an intersection of said two axes of rotation; 

a linear axis member coupled to said gimbal mechanismyat about said intersection of said 
two axes of rotation capable of being translated along a/inoar third axis in a third degree of 
freedom, wherein said object is coupled to said linear axis ni/fember and is translatable along said 
third axis; and 
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a first degree of freedom transducer cou(. 
mechanism; 

whereby said transducer provides an elejs 
said electrical system. 



between fwo of said members of said gimbal 



lecnanical interface between said object and 



2. An apparatus as recited in cl 



linkage. 




herein said gimbal mechanism is a five member 



3. An apparatus as recited in cjaim ^ wherein said five member linkage includes: 

2 0 a ground member coupled to/a gnSund surface; 

first and second extension ymei^bers, each extension member being coupled to said ground 
member; 

first and second central members, said first central member having an end coupled to said 
first extension member and said/second central member having an end coupled to said second 
2 5 extension member, wherein saici central members are coupled to said linear axis member at ends 
not coupled to said extension/members. . ' 

4. An apparatus as m;ited in claim 3 wherein said first extension member, said first central 
member, and said second central member are capable of being rotated about said first axis, and 
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said second extension member, said second central member, and said first cejiyfral member are 
capable of being rotated about said second axis. 

5. An apparatus as recited in claim 1 wherein said transducer includes an actuator for 
imparting a force along said first degree of freedom in response to eleyfric^signals produced by 
said electrical system. 

6. An apparatus as recited in claim 5 wherein said transdueei/includes a sensor for sensing 
positions of said object along said first degree of freedom andy^mch produces electrical signals 
corresponding to such positions for said electrical system. 

7. An apparatus as recited in claim 1 further comprising a second degree of freedom 
transducer, said first degree of freedom transducer and Aio second degree of freedom transducer 
being coupled between a ground member of said gimj^^mechanism and an extension member of 
said gimbal mechanism. 

8. An apparatus as recited in clainl 1 rarther comprising: 

a second degree of freedom transd\9^ Ojoupled between two of said members of said 
gimbal mechanism; and 

a third degree of freedom transdu^r coupled between said linear axis member and said 
gimbal mechanism. 

9. An apparatus as recited in celaim 8 wherein said linear axis member provides a fourth 
degree of freedom about a fourth axijr of rotation, said fourth axis of rotation being parallel to said 
linear axis member. 

10. An apparatus as recited in claim 8 further comprising a fourth degree of freedom 
transducer coupled between sai^^near axis member and said gimbal mechanism. 

1 1. An apparatus as reyited in claim 9 further comprising a floating gimbal mechanism 
ooupUna Un«ar B?tla m«rnfaor to sAld obJ«at to provido rotntlonaJ movomont for unld objoot 

along a fifth degree of freedoms 

12. An apparatus ^Z^recited in claim 11 further comprising a fifth degree of freedom 
transducer coupled between ^'aid linear axis member and said floating gimbal mechanism. 

13. An apparatus as/recited in claim 12 wherein said object is rotatable about a longitudinal 
sixth axis of said objep ko provide a sixth degree of freedom for said object, and further 
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comprising a sixth degree of freedom transducer coupled between said object and/said gimbal 
mechanism. 

14. An apparatus as recited in claim 12 wherein said object includes^tylus. 

15. An apparatus as recited in claim 8 wherein said object incudes at j;^st a portion of a 
surgical instrument. 

16. An apparatus as recited in claim 1 wherein said object/ncludes a joystick. 

17. An apparatus as recited in claim 6 wherein saidyelectrjcal system includes a digital 
processing system. 
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18. An apparatus for interfacing the moj:' 
comprising; 



ion^f an object with an electrical system 



a gimbal mechanism providing two revM^ut^egrees of freedom to an object engaged with 
said gimbal mechanism about two axes of rotajtfon, said object being coupled to said gimbal 
mechanism at about the intersection of said twf^^es of rotation; 

a transducer coupled to said gimbal^echanism to generate a force along said first degree 
of freedom; and 

a capstan drive mechanism coupled between said actyator and said gimbal mechanism, 
said capstan drive mechanism transimtting said force generated by said transducer to said gimbal 
mechanism and transmitting forces /pplied to said gimbal mechanism by a user to said transducer; 

whereby said actuator provides an electromechanical interface between said object and said 
electrical system. 

19. An apparatus as/recited in claim 18 further comprising a linear axis member coupled 
to said gimbal moehanlanWat aald intoraoctlon of said two axoa of rotation capable of being 

translated along a third axYs in a third degree of freedom, wherein said object is coupled to said 

linear axis member and is/translatable along said third axis. 

20. An appar^tds as recited in claim 19 further comprising a second degree of freedom 
transducer coupled to said gimbal mechanism to generate a force along said second degree of 
freedom and sense movement of said object along said second degree of freedom. 
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21. An apparatus as recited in claim 20 further comprising a third degree oj^reedom 
transducer coupled between said gimbal mechanism and said linear axis member generate a 
force along said third degree of freedom and sense translation of said linear axis m^ber. 

22. An apparatus as recited in claim 19 wherein said gimbal mechanjj^mi includes a closed 
5 loop five member linkage. 

> 23. An apparatus as recited in claim 19 wherein said capstan drive mechanism includes an 
rotating capstan drum rotatably coupled to said gimbal mechanisFn, said capstan drum being 
additionally coupled to a pulley by a cable, wherein said transducer i4 operative to rotate said pulley 
and thereby transmit force to said gimbal mechanism with substanftially no backlash. 

1 0 24. An apparatus as recited in claim 19 further comprising a second transducer and a 

second capstan drive mechanism coupled between said/second transducer and said gimbal 

™ mechanism, said second capstan drive mechanisia^ransmittin^ a force generated by said second 

fB actuator to said gimbal mechanism and transmitting a^r^e ap^ied to said gimbal mechanism by a 

y = user to said transducer, 

3 5 25. An apparatus as recited in claim 19 fur^h^r comprising a third axis capstan drive 

H ; mechanism for transmitting forces between said tj^rd degree of freedom transducer and said linear 

^ axis member. 

Li 2 

Q 26. An apparatus as recited in clainy24 further comprising a plurality of sensors coupled 

!^ to said apparatus to sense positions of said/object along said three degrees of freedom and which 

yZ 0 produce electrical signals corresponding tor such positions for said electrical system. 

27. An apparatus as recited iri/claim 26 wherein said object includes one of the groups 
consisting of at least a portion of a surgical tool, a stylus, and a joystick. 

28. An apparatus as recitpd in claim 26 wherein said apparatus includes a sensor for 
sensing positions of said object along a fourth degree of freedom, said fourth degree of freedom 

2 5 boing rotation about ftaidi translational axiA of said Hnear a?ciR m«mbor. 

29. An apparatus as yjrecited in claim 26 wherein said apparatus includes a sensor for 
sensing positions of said object along a fifth and sixth degrees of freedom, respectively, said fifth 
and sixth degrees of freedom being provided as rotation of said object about an end of said linear 
axis member, and rotationyabout a longitudinal axis of said object, respectively. 

3 0 30. An apparatus as recited in claim 26 wherein said electrical system includes a digital 

processing system. / 
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31. An apparatus as recited in claim 30 wherein said actuators are DC servo mptors 
controlled by linear transconductance amplifiers. 

32. An apparatus as recited in claim 31 wherein said digital processing systei'fi includes a 
digital-to-analog converter for providing an analog voltage for controllip'g said linear 
transconductance amplifiers. 



33. A method for interfacing motion of an object with an elej2xrical system, the method 
comprising the steps of: 

defining an origin in 3-dimensional space; 

providing a gimbal mechanism movable relative to saici origin in said 3-dimensional space 
such that an object engaged with said gimbal mechanism has/first and second degrees of freedom; 



providing a translatable member to move saiu oE 



a third degree of freedom; 



transducing an electrical signal for each ofAaid three degrees of freedom using first, 
second, and third transducers, respectively, wherein two of said transducers are decoupled from 
each other; and 

providing said electrical signals to and/from said electrical system. 



34. A method as recited in claim 33 wherein said electrical system is a digital processing 



system. 



35. A method as recited inyclaim 34 wherein said gimbal mechanism is a closed loop five 
member linkage. 

30. A mttthod Ad roolta^ In oZnim 34 whareln Maid flmt ntld saoond dttsreoA of froodom of 

said object are provided by rcftating members of said five member linkage about first arid second 
axes of rotation, respectively; 

37. A method asyrecited in claim 36 wherein said step of transducing an electrical signal 
for each of said three ^egrees of freedom includes converting output signals from said digital 
processing system int^ movement of said object. 
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38. A method as recited in claim 37 wherein said step of transducirig^ an electrical signal 
for each of said three degrees of freedom includes converting movement of said object into 
electrical input signals which are input to said digital processing syste^ 

39. A method as recited in claim 38 further comprising a4tep of transducing an electrical 
5 signal for a fourth degree of freedom of said object using a fouah transducer, said fourth degree of 

freedom being provided by rotating said object and said tptoslatable member about a transverse 
axis of said translatable member. 

40. A method as recited in claim 39 ffiPtt^r comprising a step of transducing an electrical 
signal for a fifth degree of freedom of said iibjeM^i^ a fifth transducer, said fifth degree of 

1 0 freedom being provided by rotadng said object ^th respect to an end of said translatable member. 

41. A method as recited in claim 4(Murther comprising a step of transducing an electrical 
signal for a sixth degree of freedom of said object using a sixth transducer, said sixth degree of 
freedom being provided by rotating said/object about its own lengthwise axis. 

42. A method as recited in/claim 39 further comprising transmitting a force from an 
15 actuator to said gimbal mechanism^using a capstan drive mechanism. 

43. A method as recited in claim 33 wherein said translatable member is a linearly 
extending rod. 




